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The goals of systems biology and microbial ecology are to gain a predictive understanding of how
microbial communities function in dynamic systems, inclusive of interactions among community
members and spatiotemporal changes in the physicochemical environment. Microorganisms
in natural systems experience cycles of environmental change over different periodicities and
amplitudes, and these processes are reflected in the composition, genetic repertoire and activity
of microbial community members, and community function as a whole. A primary emphasis
of this research topic was to focus on reports of tractable microbial communities in extreme
environments (e.g., temperature, salinity, light, pH) where a foundation of genome sequence and
other molecular (-omic) and geochemical measurements provide evidence of specific functional
attributes of individual community members, which are directly linked with spatiotemporal
changes in key environmental variables as well as the metabolic dynamics of other community
members. Thermal or saline microbial mats are often stratified with respect to key environmental
variables (e.g., light, oxygen) and exhibit compositional simplicity and low heterogeneity relative
to habitats such as soils and/or natural waters. Consequently, the majority of contributions to this
research topic focus on either high-temperature chemotrophic microbial mats, high-temperature
phototrophic mats, or hypersaline phototrophic mats in marine or epsomitic systems. The structure
and function of high-temperature systems of Yellowstone National Park (YNP) was evaluated
using metagenome sequence and geochemical observations across a wide range of environmental
conditions, which provided a basis for understanding the distribution of thermophiles in YNP and
led to the discovery of several new archaeal and bacterial lineages. Genome sequences of relevant
ecotypes have provided a foundation for interrogating more detailed spatiotemporal aspects of
thermophilic phototrophic communities, including microsensor analysis of their physical and
chemical microenvironment, and provided a rationale for comparison to hypersaline phototrophic
mats. The fixation of carbon dioxide as a primary carbon source and the production of key cofactors
by autotrophs are important processes, which support diverse heterotrophs across widely different
environmental circumstances. Specific metabolic linkages among community members (e.g.,
production of storage compounds, nitrogen fixation, fermentation, sulfate reduction, hydrogen,
and vitamin production) were documented in phototrophic mats, which revealed that these
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processes changed in unexpected ways across a diel cycle.
The tight metabolic coupling among specific populations
that are highly adapted to spatial and/or temporal conditions
is a common theme in natural environments, and this was
demonstrated in detail using different light-adapted ecotypes
of cyanobacteria (Synechococcus spp.) present in alkaline
siliceous geothermal mats as primary producers. Finally,
controlled experiments using pure cultures and/or consortia
as “systems” revealed the importance of specific nutrient
requirements, and importantly, how the exoproteome of a
bacterium is controlled by the level of cellular oxidation.
Ultimately, a predictive understanding of the complex network
of abiotic and biotic interactions that occur in natural systems
will also require detailed knowledge of the regulatory and
physicochemical processes that govern gene expression, posttranslational modifications, and protein activity. It is our
hope that the articles included in this research topic advance
a more comprehensive understanding of natural microbial
communities, and demonstrate the utility of coupling molecular
methods with detailed spatiotemporal measurements and
dissection of microbial community function across gradients
in key environmental variables such as light, temperature,
pH, oxygen, or hydrogen. Integrated approaches across
relevant microbial scales will lead to predictive capabilities
useful for engineering microbial communities (or consortia)
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and for understanding how natural systems may respond
to changes in key environmental variables (e.g., climate
change).
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